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High Protein Grains in Starter Rat ions 
Steven L. Robb ins , George W. Libal and Richard C .  Wahlstrom 
High protein grains have been shown to have greater value than normal 
protein grains when fed to growing and finishing swine . However , limited 
research has been conducted using these grains in young pig starter diets . 
Because cereal grains primarily supply energy in the swine diet , s tarter diets 
need to be supplemented with large amount s  of protein supplement in order to 
meet the pig ' s  nutrient requirements . High protein grains have the ab ility to 
provide energy and a maj or port ion of protein in the d ie t .  Three separate 
experiments were conducted to determine the value of high protein grains in 
pig s tarter diets and are reported here . 
Experimental Procedures 
The experiment cons is ted of three separate trials . Pigs were removed 
from their dams when they weighed between 1 6 . 5  and 22 . 5  lb . and were from 4 t o  
6 weeks of age . They were allotted on the basis o f  ances try and weight and 
placed directly on the experimental die t s .  Groups were randomly as signed to 
treatments and the trials were continued for 4 weeks . All pigs were housed in 
concrete floored pens bedded with wood shavings and confined indoors . Feed and 
water were provided ad libi tum .  
One hundred forty-four pigs were used in both trials 1 and 2 .  These pigs 
were allot ted into 24 groups wi th three groups of six pigs each being fed each 
experimental diet . In trial 3 ,  120 pigs were allotted into 24 groups o f  five 
pigs each . Three replicate groups were again ass i gned to each dietary treat­
ment . 
The experiment al treatments for t rial 1 were as follows : 
Diet 1 .  
Diet 2 .  
Diet 3 .  
Diet 4 .  
Diet 5 .  
Diet 6 .  
Die t 7 .  
Normal corn-soy control ( 1 8% protein) 
Oats-soy ( 18% protein) 
Oats-soy (equal lysine to diet 1 )  
Oats-soy-energy ( equal energy and protein to diet 1 )  
Oat s-soy ( oats replaced corn pound for pound) 
Com-oats-soy (substitution of oats for one-hal f  o f  corn) 
Doub le mutant corn-soy ( 16 . 5 %  protein , equal lys ine t o  
diet 1 )  
Diet 8 .  Waxy corn-soy ( 18% protein) 
The compos i t ion o f  the die ts for trial 1 is shown in tab le 1 .  The oats 
used contained 1 6 . 6% protein and 0 . 65% lysine . The calculated p rotein and 
lysine values of the various diets are also listed in tab le 1 .  
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The experimental treatments for trial 2 were as follows : 
Diet 1 .  Corn-soy + 0 . 1 5 %  L-lysine 
Diet 2 .  10% oats ( rep lacing corn) + 0 . 1 1 % L-lysine 
Diet 3 .  20% oats (replacing corn) + 0 . 07% L-lysine 
Diet 4 .  40% oats (replac ing corn) 
Diet 5 .  Doub le mutant corn-soy 
Diet 6 .  20% oats ( replac ing double mutant corn) 
Diet 7 .  40% oats (rep lac ing doub le mutant corn) 
Diet 8 .  Waxy corn-soy + 0 . 15% L-lysine 
The composition of the diets used in this trial is shown in tab le 2 .  
Diets 1 ,  2 ,  3 ,  4 and 8 were calculated to b e  equal in lysine content . Total 
protein increased and energy decreased with increasing levels of oats sub­
stitution . 
The experimental treatments for trial 3 were as follows : 
Diet 1 .  Com-soy-s tarch + 0 . 12% L-lys ine (0 . 8% lys ine) 
Diet 2 .  Corn-soy (0 . 8% lys ine) 
Diet 3 .  20% oats (replacing corn) ( 0 . 8% lysine) 
Diet 4 .  40% oats (rep lacing corn) (0 . 8% lysine) 
Diet 5 .  Corn-soy + 0 . 1 5% L-lysine ( 0 . 9 5 %  lysine) 
Diet 6 .  20% oats ( replacing corn) + 0 . 0 7 %  L-lysine ( O .  9 5% lys ine) 
Diet 7 .  40% oats ( replacing corn) ( 0 . 95% lysine) 
Diet 8 .  Opaque-2-soy ( 0 . 9 5 %  lys ine) 
The compos it ion of the diets fed in trial 3 is shown in tab le 3 .  The 
lys ine contents of diets 1 ,  2 ,  3 and 4 were calculated to be equal , but protein 
content increased wi th increasing levels of oats substitut ion . Lys ine levels 
of diets 5 ,  6 ,  7 and 8 were also calculated to be equal , but protein and f iber 
content increased wi th inc reasing oats substitut ion . 
Dehulled soyb ean meal ( 48 . 5 % prot ein )  and Dal oat s were used in all trials . 
The opaque- 2 ,  doub le mutant and waxy corns were all Troj an hyb rids . 
Results 
The results of trial 1 are summarized in tab le 4 .  Pigs fed diets 2 and 
3 ,  which contained the highes t leve ls of oats and lowes t  levels o f  soybean 
meal , gained significantly s lower and weighed significantly less after 4 weeks 
of feeding than pigs fed each of the other diets . Daily gains were 0 . 7 1 lb . 
for pigs fed diets 2 and 3 compared to 0 . 9  to 1 . 06 lb . for the other groups . 
The mos t rapid rate of gain ( 1 . 06 lb . per day) was made by pigs fed the double 
mutant corn diet . Thes e pigs were also significantly heavier than pigs fed 
diets 4 and 5 which were also diets containing oats . 
Pigs fed the waxy corn die t  had the mos t efficient feed convers ion . These 
pigs required 1 . 99 lb . of feed/gain , significant ly less than the 2 . 9 3  and 
2 . 73 lb . o f  feed/ gain required by pigs fed the high fib er , low energy oat 
diets , diets 2 and 3 ,  respect ively . Feed / gains of pigs fed the normal corn , 
oats-com and doub le mutant corn diets were 2 . 22 , 2 . 04 and 2 . 08 ,  respectively . 
These were all signi ficantly lower than the feed /gain of pigs fed diet 2 .  
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The results of trial 2 are summarized in tab le 5 .  There were no s igni fi­
cant differences in either final weights or average dai ly gain between any of 
the diets . Final weigh ts ranged from 43 . 2  to 40 . 1  lb . for pigs fed the doub le 
mutant corn diet and thos e p igs fed the normal corn-soy + 0 . 1 5% L-lysine diet . 
The pigs receiving the doub le mutant corn diet gained 0 . 84 lb . per day and the 
pigs receiving normal corn-soy + 0 . 15% lys ine gained 0 . 7 3 lb . per day . 
Pigs fed diet 7 ,  doub le mutant corn and 40% oats , required cons iderab ly 
more feed than the other groups . It was noted that this diet did not feed 
down readily in the self- feeder and , when the opening was increased to allow 
feed flow ,  excess ive was tage occurred . The bes t feed efficiency occurred when 
pigs were fed the doub le mutant corn (diet 5 ) . Differences in efficiency 
between diets 5 and 7 were s ignificant . 
The results of trial 3 are summarized in tab le 6 .  No s ignificant differ­
ences were ob served in final weights of pigs which ranged from 45 . 0  to 39 . 9  lb . 
for th e pigs receiving the opaque- 2 corn or the 40% oats , 0 . 8% lys ine diets , 
respectively . Average daily gain ranged from 0 . 90 lb . per day for the pigs fed 
the corn-soy , 0 . 8% lysine diet to 0 . 7 1  lb . per day for the pigs fed the 40% 
oat s , 0 . 8% lys ine diet . The difference was nons ignificant . Pigs receiving the 
20 and 40% oats , 0 . 8% lys ine diets , diets 3 and 4 ,  had the poores t feed ef fi­
ciency of all treatments . Feed / gains , 2 . 74 and 2 . 6 7  for diets 3 and 4 ,  respec­
tively , were s igni ficant ly higher than the 2 . 0 2  feed/ gain of pigs that received 
the normal corn-soybean meal diet containing 0 . 9 5% lys ine . Pigs fed the 20% 
oats , 0 . 8% lys ine diet als o  consumed signi f icant ly more feed than pigs fed diets 
containing 0 . 9 5% lys ine composed of normal corn , corn and 20% oats or opaque- 2 
corn . 
It would appear that 0 . 8% dietary lysine was not adequat e to support 
op t imum feed efficiency . The four groups of pigs fed diets containing 0 . 9 5% 
lys ine required from 2 . 0 2  to 2 . 14 lb . of feed per lb . of gain , while pigs fed 
0 . 8% lys ine required an average of 2 3% more as feed/ gain ranged from 2 . 30 to 
2 . 74 .  
Summary 
Four hundred s even cros sbred pigs averaging 19 . 8  lb . were used in three 
trials to evaluate several s tarter diets for weanling pigs . 
The res ults o f  these trials indicat e that high protein oat s can replace 
up to 50% of the corn in s tarter diets without significant decreases in gains , 
although the feed required per pound of gain may be increased due to the 
lower energy in the oats diets . Opaque- 2 �d double mutant corn and high 
lys ine oats can decreas e the amount of supplemental protein needed because o f  
their higher lysine content . The lys ine needs of the 20 lb . pig appear to b e  
over 0 . 8% and between 0 . 85 an d  0 . 9 5 % . Waxy corn was equal t o  normal corn as 
an energy source for young pigs . 
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Tab le 1 .  Percentage Composition of Diets , Trial 1 (Percent) 
Diet 
1 2 3 4 5 6 7 8 
One-hal f 
Oats-soy Oats-soy oats 
Normal Lysine Energy one-half Doub le Waxy 
corn-soy equal to equal to Sub oats corn mutant corn 
Ingredients control Oats-soy d iet 1 diet 1 for corn soy corn soy soy 
Corn 74 . 5  -- -- -- -- 37 . 2  
Oats -- 90 . 7 86 . 6  4 3 . 0  74 . 5  3 7 . 2  
Double mutant corn -- -- -- -- -- -- 78 . 3  
Waxy corn -- -- -- -- -- -- -- 74 . 5  
Soybean meal , 48 . 5% 22 . 5  6 . 3  10 . 5  22 . 5  2 2 . 5  22 . 5  18 . 7  22 . 5  
Corn starch -- -- -- 25 . 2  
Corn oil -- -- -- 6 . 3  
TM salt 0 . 4 0 . 4 0 . 4  0 . 4 0 . 4 0 . 4  0 . 4 0 . 4  
Dicalcium 1 . 4  1 . 5  1 . 4 1 .  7 1 . 4 1 . 4  1 . 4  1 . 4  
Limes tone 0 . 7  0 . 6 0 . 6  0 . 4 0 . 7  0 . 7  0 . 7  0 . 7  
Premix a 0 . 5  0 . 5  0 . 5 0 . 5 0 . 5 0 . 5  0 . 5  0 . 5  
Calculated content , % 
Protein 1 8 . 0  18  . 1  1 9 . 8  1 8 . 0  23 . 3  20 . 7  16 . 5  1 8 . 0  
Lys ine 0 . 87 0 .  79 0 . 87 0 . 9 7  1 . 06 1 . 02  0 . 85 0 . 87 
a 
Supplied per lb . of diet : vitamin A ,  2000 IU ; vitamin D ,  200 I U ;  riboflavin , 1 . 875 mg ; 
pantothenic acid , 7 . 5  mg ; niacin , 15  mg ; choline , 75 mg ; vitamin B 12 , 1 1 . 2 5 mcg ;  aureomycin , 50 mg ; 
sulfamethaz ine , 50 mg and penicillin , 25  milligrams . 
� 
Table 2 .  Percentage Compos ition of Diets , Trial 2 (Percent ) 
Diet 
1 2 3 4 5 6 7 8 
Corn-soy 10% oats 20% oats Double Waxy corn 
+ 0 . 15% + 0 . 1 1 % + 0 . 07% 40% mutant 20% 40% + o. 15% 
Ingred ients lysine lys ine lys ine oats corn-soy oats oats lysine 
Corn 76 . 9 5 67 . 0  57 . 0  37 . 1  
Oats -- 1 0 . 0 20 . 0  40 . 0  -- 20 . 0  4 0 . 0  
Double mutant corn -- -- -- -- 77 . 1  5 7 . 1 37 . 1  
Waxy corn -- -- -- -- -- -- -- 7 6 . 95 
Soybean meal , 48 . 5% 20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  
.p.. TM salt 0 . 4 0 . 4 0 . 4 0 . 4 0 . 4 0 . 4  0 . 4  0 . 4  IJt \.;.) 
Dicalcium 1 . 4  1 . 4  1 . 4  1 . 4 1 . 4  1 . 4  1 . 4  1 . 4  
Limes tone 0 . 7  0 . 7  0 . 7  0 . 7  0 .  7 0 . 7  0 . 7  0 . 7  
Premixa 0 . 4  0 . 4 0 . 4 0 . 4 0 . 4 0 . 4  0 . 4 0 . 4  
L-lys ine 0 . 1 5 0 . 1 1  0 . 0 7  -- -- -- -- 0 . 1 5 
Calculated content , % 
Protein 1 7 . 2  1 7 . 7  1 8 . 4  1 9 . 8  1 7 . 0  1 7 . 8  1 9 . 8  1 7 . 2 
Lys ine 0 . 9 5  0 . 9 5  0 . 9 5  0 . 96  0 . 89 0 . 9 4  1 . 00 0 . 9 5  
-
a See tab le 1 .  
,_ 
,_ 
Table 3 .  Percentage Composition of Diets , Trial 3 (Percent) 
Ingredients 
Corn 
Oats 
Opaque-2 corn 
Corn s tarch 
Soybean meal , 48 . 5% 
TM salt 
Dicalcium 
Limes tone 
Premix8 
L-lysine 
Calculated content , % 
Protein 
Lysine 
-
a See tab le 1 .  
1 2 
Corn-soy-
s tarch 
+ 0 . 12% 
lysine Corn-soy 
60 . 48 77 . 1  
- - --
-- --
1 9 . 9  --
16 . 6  20 . 0  
0 . 4  0 . 4 
1 . 4  1 . 4 
0 . 7  0 . 7  
0 . 4 0 . 4 
0 . 12 --
1 3 . 9  1 7  . o  
0 . 79 0 . 80 
Diet 
3 4 5 6 
Corn-soy 20% oats 
20% 40% + o. 15% + 0 . 07 %  
oats oat s lysine lysine 
60 . 4  42 . 6  76 . 9 5  5 7 . 0 2  
20 . 0  40 . 0  -- 20 . 0  
-- -- -- --
-- - - -- --
1 6 . 7  14 . 5  20 . 0  20 . 0  
0 . 4 0 . 4 0 . 4 0 . 4 
1 . 4  1 . 4  1 . 4  1 . 4 
0 . 7  0 . 7  0 . 7 0 . 7  
0 . 4 0 . 4 0 . 4 0 . 4 
-- -- 0 . 1 5 0 . 07 
1 7 . 2  1 7 . 7  1 7 . 2  18 . 5  
0 .  79 0 . 8 1  0 . 95  0 . 9 5  
7 8 
40% O�aque-2 
oat s corn-soy 
37 . 1  
40 . 0  
-- 77 . 1  
-- -- 0\ 
20 . 0  20 . 0  
0 . 4  0 . 4  
1 . 4  1 . 4  
0 . 7  0 . 7  
0 . 4  0 . 4  
1 8 . 9  1 7 . 4  
0 . 9 6  0 . 9 5  
� 
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Tab le 4 .  Results of Feeding High Protein Grains to Young Pigs , Trial 1 
Numb er of pigs 
Avg . ini t .  wt . , lb . 
Avg . final wt . ,  lb . a 
Avg. daily gain , lb . b 
Avg . daily feed , lb . 
Avg . feed/gainc 
1 2 3 
Treatment 
4 5 6 
One-half 
Oats-soy Oats-soy oats 
7 8 
Normal Lysine Energy one-half Doub le Waxy 
corn-soy equal to equal to Sub oat s  corn mutant corn 
control Oats-soy diet 1 diet 1 for _corn soy corn-soy soy 
18  
1 9 . 6  
46 . 3  
0 . 9 5  
2 . 0 1  
2 . 22 
18  
1 9 . 6  
40 . 0  
o .  7 1  
2 . 03 
2 . 9 3 
18  18 
1 9 . 6  1 9 . 8  
39 . 5  4 5 . 9  
0 .  7 1  0 . 9 3  
1 . 8 1  2 . 2 3 
2 . 73 2 . 46 
18  
1 9 . 6  
45 . 4  
0 . 9 3  
2 . 1 2 
2 . 34 
18  
1 9 . 8  
46 . 7  
0 . 9 7  
1 . 92  
2 . 04 
18  
1 9 . 6  
49 . 2  
1 . 06 
2 . 1 6 
2 . 08 
18  
1 9 . 6  
4 7 . 2  
0 . 9 9  
1 . 9 2 
1 . 99 
a Treatments 1 ,  4 ,  5 ,  6 ,  7 and 8 significantly greater than 2 and 3 (P< . 0 5) . Treatment 7 
significantly greater than 4 and 5 (P< . 05 ) . 
bTreatment s 2 and 3 significantly less than 1 ,  4 ,  5 ,  6 ,  7 and 8 (P< . 05) . 
cTreatment 8 significantly less than 2 or 3 (P< . 05 ) . Treatments 1 ,  6 and 7 signi ficantly less 
than 2 (P< . 05 ) . 
..... 
Tab le 5 .  Results o f  Feeding H igh Protein Grains and Lys ine Supplementat ion 
in Starter Diet s , Trial 2 
Number of pigs a 
Avg . init . wt . ,  lb . 
Avg . final wt . ,  lb . 
Avg . daily gain , lb . 
Avg . daily feed , lb . 
Avg . feed/gainb 
1 2 3 
Treatment 
4 5 6 7 8 
Corn-soy 10% oats 20% oats Double Waxy corn 
+ 0 . 15% + 0 . 1 1% + 0 . 0 7% 40% mutant 20% 40% + 0 . 15% 
lys ine .lysine lys ine_n _ _  _____Q_ats _ COI'll-soy _ _ __ o_a.t s  _ __ __ _ Q_at s  lys ine 
18 18  18 18 18  1 7  18  18  
1 9 . 8 1 9 . 8  20 . 1  20 . l  20 . l  20 . 1  20 . 1  20 . 1  
40 . 1  40 . 8  40 . 6  4 1 . 9 43 . 2  4 1 .  7 40 . 6  4 1 . 9  
0 . 73 0 . 75 0 . 75 0 . 7 9  0 . 84 0 . 7 7 o .  77 0 . 7 7 
1 . 65 1 . 68 1 . 85 1 .  74 1 .  72 1 .  72 2 . 1 6 1 . 90 
2 . 18 2 . 26 2 . 5 3  2 . 29 2 . 08 2 . 2 1 3 . 05 2 . 38 
a 
b
One pig died , data not included . 
Treatment 7 significantly poorer than 5 (P< . 0 5 ) . 
00 
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Table 6 .  Results o f  Feeding High Protein Grains and Lysine Supplementation 
in S tarter Diet s , Trial 3 
1 2 3 
Corn-soy-
Treatment 
4 5 6 
s tarch Corn-soy 20% oats 
7 8 
+ 0 . 12% 20% 40% + 0 . 15% + 0 . 07% 40% Opaque-2 
lys ine Corn-soy oats oats lysine lysine oats corn-soy 
Number of pigs 1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  
Avg .  init .  wt . ,  lb . 20 . 1  20 . l  20 . 1  2 0 . l  2 0 . 3  19 . 8 20 . 1  20 . 1  
Avg . final wt . ,  lb . 42 . 1  4 5 . 2  43 . 4  39 . 9  4 3 . 0  44 . 1  4 3 . 3  45 . 0  
Avg .  daily gain , lb . 0 . 79 0 . 90 0 . 84 o .  7 1  0 . 82 0 . 86 0 . 86 0 . 88 a 2 . 0 1  2 . 0 5  2 . 27 1 . 87 1 . 63 1 .  79 1 . 87 1 . 83 Avg .  daily feed,  lb . 
Avg . feed/gainb 2 . 58 2 . 30 2 . 74 2 . 67 2 . 02 2 . 08 2 . 14 2 . 0 8 
a 
bTreatment 3 significantly higher than treatments 5 ,  6 or 8 (P< . 05 ) . Treatments 3 and 4 significant ly poorer than 5 (P < . 05 ) . 
\0 
